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1.  Introduction
LTE is based on a shared data channel system where the resouces are dynamically assigned to different UEs on a per TTI basis through the use of L1/L2 control channels. However, the L1/L2 control channel overhead could be inefficient in transferring small packets, especially for delay sensitive services like VoIP.
Consequently, several signalling optimized DL scheduling approaches have been proposed in RAN2 to reduce this L1/L2 control channel overhead [1-6]. There was also an email discussion over the RAN2 email reflector after the RAN2 #56 meeting on this issue [7].

The different signalling optimized DL scheduling proposals identified through this work seem to fall under two general categories: (1) signalling optimized DL scheduling based on UE blind detection and (2) signalling optimized DL scheduling based on UE group scheduling. In this contribution, we address how these two approaches would work in principle and provide a simple comparison of the two approaches in aim to facilitate discussion in RAN2 on this topic.
Our actual proposal for the signalling optimized DL scheduling method is decribed in our RAN1 contribution [8]. 
2. Discussion
2.1 Baseline dynamic DL scheduling
As for the baseline dynamic scheduling, the L1/L2 control channel signals among other information the RB (resource block) assignment and TF information. The L1/L2 control channel CRC is masked with an UE specific ID (C-RNTI) of the intended UE. An UE monitors the L1/L2 control channels, and by performing CRC check with the UE ID (C-RNTI) it has been assigned by RRC, identifies whether it has been allocated a DL-SCH transmission. If an UE detects an allocation, it decodes the DL-SCH using the RB and TF information signalled on the L1/L2 control channel. Here, a single L1/L2 control channel will be used to address a single UE, and the L1/L2 control channel would be designed to carry enough information bits so that any RB and TF within the full set defined by the LTE specifications can be assigned to UEs.

2.2 Signalling optimized DL scheduling based on UE blind detection
In this approach, the basic objective is to alleviate transmission of L1/L2 control channel by requiring the UEs to blindly decode the DL-SCH. In order to reduce UE complexity in blind detection, it is expected that the possible set of RBs assigned and the TF used will be restricted by RRC configuration. The concept is similar to that of the HS-SCCH less operation that was studied within the CPC SI/WI.
As it is thought that the HS-SCCH less operation adopted for CPC can serve also as a baseline for the signalling optimized DL scheduling based on UE blind detection for LTE, its operation is summarized below:

· When the Node B transmits the HS-DSCH:

· If it decides to use the legacy operation:

· It transmits HS-SCCH type 1 for the initial HARQ transmission and HARQ retransmissions.
· If it decides to use the HS-SCCH less operation:

· It does not transmit any HS-SCCH for the initial HARQ transmission, and

· It transmits HS-SCCH type 2 for the HARQ retransmissions.
· When the UE receives the HS-DSCH:

· If it detects consistent control information in any of the HS-SCCHs within its HS-SCCH set:

· It decodes the HS-PDSCH(s) using the information signalled on the HS-SCCH (type 1 or type 2).

· If it does not detect consistent control information in any of the HS-SCCHs within its HS-SCCH set:

· It receives the HS-PDSCH(s) configured by RRC for the HS-SCCH less operation, and

· It performs blind detection of the HS-DSCH assuming initial HARQ transmission based on the TB size(s) configured by RRC for the HS-SCCH less operation.
· For the HS-SCCH less operation, RRC can configure:
· Up to 4 TB sizes ranging from 137bits (68.5kbps) to 1483bits (741.5kbps) per UE, and
· Up to 2 HS-PDSCHs per UE (1-to-1 mapping between each TB size and the HS-PDSCH(s) used).
· Furthermore, for the HS-SCCH less operation:

· Modulation is restricted to QPSK,

· Redundancy Version is defined by the standard,

· TB size index (0~3) is signalled on HS-SCCH type 2,

· Pointer to the previous transmission is signalled on HS-SCCH type 2,

· HARQ retransmissions are asynchronous and the number of HARQ retransmissions is limited to 2,
· HARQ retransmission number is signalled on HS-SCCH type 2, and

· HS-DSCH TB CRC is masked with H-RNTI.
Considering the above summarized HS-SCCH less operation adopted for CPC, at least the following can be considered as a baseline for the signalling optimized DL scheduling based on UE blind detection for LTE:
· The UE can at anytime receive DL-SCH transmission using the baseline dynamic DL scheduling operation or the signalling optimized DL scheduling based on UE blind detection.

· For the signalling optimized DL scheduling operation, the UE performs blind detection of the DL-SCH at least for:

· The initial HARQ transmission,

· 4 TB sizes configured by RRC ranging up to 741.5kbps, and
· 1-to-1 mapping between each TB size and the RB(s) used.

Further optimizations to this baseline can be considered depending on the trade-off between the possible gains and incurred UE complexity. Nevertheless, the L1/L2 control channel overhead reduction gains provided by the signalling optimized DL scheduling based on UE blind detection seems to be obvious since it alleviates the need for transmitting L1/L2 control channels.
2.3 Signalling optimized DL scheduling based on UE group scheduling

In this approach, the basic objective is to reduce L1/L2 control channel overhead by addressing DL-SCH transmission to multiple UEs with a single L1/L2 control channel. In order to realize this approach, multiple UEs are grouped together and assigned a common Group ID (“Group C-RNTI”). The L1/L2 control channel CRC is masked with a Group ID of the intended group, and the L1/L2 control channel further carries the identity of the UE which is being assigned resources in the group.

From the email discussion, we think that there were the following two distinctive approaches even within this UE group scheduling approach:

· Approach 1

· RBs are assigned to a group, and the assigned RBs are partitioned among the UEs within the group.

· Approach 2

· RBs are assigned individually to UEs within the group.
In what we consider approach 1, the email discussion summary document [7] states that the RB assignment to the group can be configured semi-statically by RRC or dynamically assigned by the L1/L2 control channel. However, we note here that semi-static RRC configuration has an advantage in reducing L1/L2 control channel overhead, whereas dynamic L1/L2 control channel assignment has an advantage in increasing scheduler flexibility. Furthermore, in approach 1, the email discussion summary document states that a control bitmap, which is to be provided on the L1/L2 control channel, can be used to partition the resources among the UE within the group as follows:

· Each bit of the control bitmap is associated with a specific UE within the group.
· UEs identify whether or not they were allocated a DL-SCH transmission from the status of their bit in the control bitmap.

· UEs with a DL-SCH transmission checks how many other UEs in the group were also allocated a DL-SCH transmission and partitions the RBs set aside for the group accordingly.

· Location of each UE in the control bitmap indicates which of the partitioned resources was assigned to the UE.
With this approach, there is no need to have individual signalling of the RB assignment to each UE within the group. As for the TF information, it was suggested that it can be signalled on the L1/L2 control channel.

In what we consider approach 2, there are no RBs assigned to the group as such. On the other hand, individual signalling of the RB assignment the TF used to each UE within the group is provided over the L1/L2 control channel, with the position of the RB/TF information being specific to each UE within the group. Here, to reduce the L1/L2 control channel overhead from the individual RB and TF information per UE, it is suggested to restrict the set of possible RBs and TFs by RRC configuration so that the required RB and TF information field sizes are reduced.

2.4 Comparison of the UE blind detection and the UE group scheduling approach

Table 1 attempts to compare the two signalling optimized DL scheduling approaches (i.e. UE blind detection approach and UE grouping approach).

Table 1 – Comparison of the signalling optimized DL scheduling approaches
	Optimized approach
	L1/L2 control channel overhead
	Scheduling flexibility
	UE complexity in decoding DL-SCH

	UE blind detection
	No overhead at least for initial HARQ transmissions
	Full flexibility in time domain

Limited flexibility in freq domain
	Higher since blind decoding of DL-SCH is required

	UE group scheduling – Approach 1
	1 L1/L2 control channel per transmission to X UEs
	Possibly less flexibility in time domain

Limited flexibility in freq domain if RB assignment to the group is semi-static

More flexibility in freq domain if RB assignment to the group is dynamic
	Lower since blind decoding of DL-SCH is not required

	UE group scheduling – Approach 2
	1 L1/L2 control channel per transmission to X UEs
	Possibly less flexibility in time domain

More flexibility in freq domain
	Lower since blind decoding of DL-SCH is not required


In terms of the actual L1/L2 control channel overhead reduction, it is thought that the UE blind detection approach would perform better as it does not require any L1/L2 control channel at least for initial HARQ transmission. The UE group scheduling approach will also reduce the L1/L2 control channel overhead compared to the baseline dynamic scheduling since a single L1/L2 control channel can address DL-SCH transmission to multiple UEs.

In terms of scheduling flexibility in the time domain, the UE blind detection approach has full flexibility. As for the UE group scheduling approach, it is thought that there is less flexibility as transmission to multiple UEs must be time aligned in order to obtain L1/L2 control channel overhead reductions. For both approaches, flexibility in time domain will be restricted if the DRX operation is considered.

In terms of scheduling flexibility in the frequency domain, flexibility will be limited for the UE blind detection approach since UEs will only perform blind decoding of DL-SCH on a particular RB configured by RRC. However, if the UEs can perform blind decoding of DL-SCH over several different RBs, this limitation will be alleviated at the cost of increased UE complexity. As for the UE group scheduling approach, this limitation of is relaxed since RB assignment information can be signalled over the L1/L2 control channel. However, this increased scheduling flexibility in the frequency domain comes at the cost of increased L1/L2 control channel overhead.

In terms of UE complexity, the UE blind detection approach incurs higher complexity as it requires the UEs to perform blind decoding of the DL-SCH over multiple TFs. However, considering that the HS-SCCH less operation adopted for CPC already supports blind decoding of the HS-DSCH for up to 4 TB sizes, this may not be much of a concern. Since the UE group scheduling approach does not require the UEs to perform any blind decoding of the DL-SCH, the UE complexity is lower compared to the UE blind detection approach. However, this comes at the cost of increased L1/L2 control channel overhead in signalling the TF information.
2.5 Way forward
The signalling optimized DL scheduling based on UE blind detection will definitely reduce the L1/L2 control channel overhead, but DL-SCH performance could be degraded as it imposes some restrictions on the RBs that can be used. On the other hand, these restrictions are relaxed for the signalling optimized DL scheduling based on UE group scheduling, but at the cost of increased L1/L2 control channel overhead. Ideally, system simulations should be performed to see which of the two approaches provide better performance in the end. The performance aspects should be assessed in RAN1. In the meantime, it is suggested for RAN2 to study the signalling aspects and possible scheduler restrictions of these two approaches.
3. Conclusion
Based on inputs to RAN WG2 meetings and RAN WG2 email discussions, we think the different signalling optimized DL scheduling approaches proposed fall under two general categories: (1) signalling optimized DL scheduling based on UE blind detection and (2) signalling optimized DL scheduling based on UE group scheduling. In this contribution, we addressed how these two approaches would work in principle and provided a simple comparison of the two approaches.
Our actual proposal for the signalling optimized DL scheduling method is decribed in our RAN1 contribution [8].
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